Abstract-Two types of carbonate and carbonate-silicate rocks: synmetamorphic marble melange and veined bodies in amphibolites, gabbroic rocks, and syenites are recognized in the Early Paleozoic Ol'khon collision system in the West Baikal region. The marble melange is characterized by the various size of the frag ments of the mafic granulite, gneisses, metagabbros, and granites. It is suggested that the melange was injected into the silicate matrix as a result of a ductile flow. The calcite, dolomite, and carbonate-silicate rocks are characterized by their massive and fine grained texture. They are often associated with coeval gran ite and dolerite dikes and occasionally reveal indications of carbonate-silicate mingling. It is suggested that carbonate and carbonate-silicate rocks were injected at late stages of the synmetamorphic tectogenesis. In isotopic composition, geochemistry, and mineralogy, these carbonate rocks differ from mantle carbonatites, and their origin is most likely related to the melting of carbonate rocks in the lower crust in the presence of aqueous fluid according to the model proposed by Lentz [29]. The shearing facilitated drainage of the lower crust and the upper mantle and made it possible to inject carbonate material to the upper level as a melt and a ductile mixture along with crustal granitic and mantle derived basic melts. The injection carbonate rocks have been described from other metamorphic complexes, e.g., in the Caledonides of Norway and in the Himalayan collision system.
INTRODUCTION
The carbonate and carbonate-silicate rocks are traditionally deemed to be reliable indicators of the primary stratification of metamorphic complexes. The occurrence of them in the sections commonly suggests that the associated gneisses or mafic granulites or amphibolites are also metasedimentary or metavolca nic rocks. The carbonate igneous rocks-carbon atites-are less abundant and distinguished by special isotopic, geochemical, and mineralogical properties [23] . Therefore, even the obvious injection morphol ogy of the carbonate bodies (except for the carbon atites) does not cast any doubt on their primary sedi mentary origin, because the high plasticity of carbon ate rocks at a high temperature can be a cause of their squeezing, displacement, and injection at particular sites [35] . The scope of such displacement is com monly not great and limited by a few meters or tens of meters. In this paper, we use the neutral term injection rock, which combines both ductile and melt injections of carbonate rocks irrespective of the distance of their transport. Many attributes of the behavior of carbon ate rocks as injections were revealed in the Early Pale ozoic Ol'khon collision system. This phenomenon is not widely known but nevertheless cannot be called unique.
Calcite and dolomite veins and breccia zones with calcite cement were described by Fershtater and Push karev [22] in ophiolites of the Kempirsai-Khabarny Complex of the Urals. When considering the scenarios of their origin, these authors warily supposed that the carbonate rocks are products of melting of a sedimen tary carbonate sequence. They differ from carbon atites in the absence of indicative mineral assemblages and have crustal isotopic and geochemical signatures. At the same time, a number of geological and miner alogical features, primarily, the occurrence of frag ments of rocks and minerals alien with respect to the country rocks, as well as high temperature mineral assemblages, contradict the hydrothermal genesis or protrusive injection of the hypothetical underlying sedimentary carbonate complexes.
Later on, the swarms of carbonate dikes that cut through the Greater Himalayan Crystallines were described [31] . Before that, they were interpreted as marble intrebeds in gneisses. Liu et al. [31] convinc ingly showed their injection nature. In contrast to mantle carbonatites, the isotopic composition, geochemistry, and mineralogy of numerous dolomitic and less frequent calcite "marbles" attest to them as products of melting of sedimentary carbonate mate rial. Because of this, the term carbonatite like rocks has been proposed.
Crustal carbonate melt injections and ductile pro trusions were also found in the Norwegian Cale donides [34] and in the Paleoproterozoic metamor phic complex of the North China Craton [38] . In the latter case, the zircon age of numerous bodies of car bonate-silicate rocks shows that the injection of car bonate material was almost coeval with the granulite metamorphism of the host gneisses, and the Nd, O, and C isotopic compositions do not correspond to the mantle parameters. Therefore, Wan et al. [38] pro posed the term crustal carbonatite for these carbon ate-silicate rocks.
Scarce examples of nonsedimentary carbonate rocks in metamorphic complexes are known in other places. In particular, remobilized carbonate dikes were described in the Precambrian crystalline basement of Yemen [28] and in the Precambrian Moldanubicum Massif [25] .
In the Ol'khon area of the West Baikal region, numerous occurrences of two types of injection car bonate and carbonate-silicate rocks were docu mented in the Early Caledonian collision system. The first type was defined as a synmetamorphic marble melange formed in the course of ductile flow [16] . The second type combines carbonate rocks with attributes of their crystallization from melt and first defined as quasicarbonatites [12] and then as carbonalites [13] . The last term seemed to us the most appropriate, but unfortunately we found out that it was earlier used in the geological literature for the designation of other rocks. Although we failed to yet find an adequate term, it is clear that the phenomenon itself actually exists and evidence for ductile and melt injections of car bonate rocks has been established in the Ol'khon region.
The possibility of carbonate rocks melting under crustal conditions has been corroborated by experi ments [39] . The mechanism and model of such melt ing and yet subsequent injection of melt have been substantiated by Lentz [29] ; however, no direct evi dence, e.g., melt inclusions, for the fused state of car bonate and carbonate-silicate rocks has been revealed as yet in the Ol'khon region or elsewhere. Because of this, it is expedient to combine these rocks under the neutral term of injection carbonate rocks. At the west ern coast of Lake Baikal (the Ol'khon region and Ol'khon Island), these rocks are abundant and diverse [14] . The results of their study discussed in this paper could be of interest for readers of the journal.
LOCALIZATION OF INJECTION CARBONATE ROCKS IN THE OL'KHON COLLISION SYSTEM
The Early Paleozoic Ol'khon collision system in the Western Baikal region is composed of diverse igneous and metamorphic rocks. The system was formed during sev eral tectonic stages of thrusting, doming, and strike slip shearing accompanied by high temperature metamor phism and basic and granitic magmatism [15, 18] .
The lithotectonic complexes that were character ized in many publications as corresponding to the early thrusting, subsequent doming, and final strike slipping were formed in the Early Paleozoic [1] as a result of two collision events (microcontinent-island arc and microcontinent-continent) [6, 16, 36] . The most vigorous and diverse were the processes of shear ing, which determined the general structure of the Ol'khon region with packets of tectonic units variable in their composition, morphology, and internal struc ture. The tectonic units are separated by ductile sutures (zones) of blastomylonites. The main struc tural elements of this type are shown in Fig. 1a .
The carbonate rocks (calcite and dolomite marbles and less frequent calciphyres) occupy about 20% of the total volume of the rocks in the Ol'khon collision zone (Fig. 1b) . In many cases, marbles occur as rela tively thin (10-100 m) and extended (a few kilome ters, occasionally tens of kilometers) sheetlike bodies, which are regarded by many researchers as evidence for simple and undisturbed sections of metasedimen tary and metavolcanic rocks combined into the Ol'khon and Anga groups. The seeming simplicity of the sections comes into conflict with the results of the structural analysis and the multitude of tectonic units mapped in detail in this area [15, 16] . The carbonate rocks often are constituents of complex assemblies with quartzite and basic rocks (amphibolites, granu lites) that occupy areas different in their configura tions. Carbonate and carbonate-silicate veins have been mapped in amphibolites and gabbro and syenite intrusions. As follows from numerous testimonies concerning the injection nature of carbonate rocks, they may be classified into two groups: (1) zones of synmetamorphic marble melange and (2) marble and calciphyre veins in amphibolite, gabbro, and syenite.
Zones of Synmetamorphic Marble Melange
The zones of marble melange are diverse in their configuration, thickness of the carbonate rocks, and composition and quantity of the fragments of silicate rocks [17] . In most cases, the marble melange is related to strike slip tectonics, but often it is also found beyond shearing zones in the squeezed out deep seated nappes. Marble melanges are abundant in all the metamorphic zones from epidote amphibolite to granulite facies and were found much earlier than similar in appearance injection carbonate and carbon GEOTECTONICS Vol. 47 No. 3 2013 SKLYAROV et al. [2, 3] . These authors suggested that the described exotic rocks belong to olistostromes. Inasmuch as at that time the metamor phic complexes of the Ol'khon region were recognized as Early Precambrian and the olistostrome bearing complexes were referred to Archean, a find of the world's oldest olistostromes was announced. After the determination of the Early Paleozoic age of the meta morphic rocks in the Ol'khon region [1] , the need to discuss this sensation passed. At the same time, the appertaining of these rocks to olistostromes was not confirmed, and they were defined as a new type of syn metamorphic marble melange [17] .
The tectonotype of the marble melange is located on the perfectly exposed plateau between the Tonta and Ulan Khargana depressions (Fig. 1a) , where a zone of various rocks metamorphosed under condi tions of granulite facies has been mapped. In the northwest, the Paleozoic granulites are separated from the metamorphic rocks of the Siberian Craton by a wide terrane-continent collision suture composed of blastomylonites of epidote amphibolite facies devel oped after Early Precambrian and Early Paleozoic rocks. In the southeast, the zone of granulites contacts with garnet-biotite gneisses, migmatites, and granite gneisses of epidote-amphibolite facies. The contact between these rocks is tectonic and accompanied by high temperature amphibolite facies blastomylonites with small ultramafic bodies within them.
The marble melanges are very diverse in their struc ture and the composition of the inclusions (Fig. 2) . About half of the linear carbonate bodies are hosted in pyroxene and two pyroxene gneisses and in quartzites. In previous schemes, they were included into the strat ified section. Not only carbonate rocks were moved off the section, which earlier seemed to be stratified. In the studied region, there is not any locality where one manages to determine the sole and the roof of the lay ers, which were regarded as components of strati graphic sections. Only this is enough to doubt of the validity of the stratigraphic schemes based on such a background. The blastomylonite sutures separating numerous tectonic units in the collision collage of ter ranes give a hope to restore the former (premetamor phic) regional stratigraphy highly unreal.
The linear carbonate bodies not only often contain small and large inclusions of various silicate rocks but also crosscut the structures composed of gneisses and quartzites. The inclusions in the marble melanges cor respond in composition to the rocks located in close proximity. The second half of the melange bodies form large nonlinear structures with tortuous outlines in plan view. Reliable data are scanty, but, in general, these areas can be interpreted as a group of tectonic nappes. Apparently, these are deep seated nappes squeezed out from the synmetamorphic shear zones. In some places, the nappes of marble melanges cross cut the packets of linear shear folds with structural unconformity. At the same time, near vertical folia tion similar to the underlying silicate rocks is traced in the nappes composed of melange. This most likely implies that the episodes of melange formation and shearing were contemporary, whereas the deep nappes were formed rapidly against the background of pre dominant shearing.
The size of the silicate inclusions commonly varies from a few centimeters to a few meters. In addition, as follows from the detailed mapping, the melange bodies as if wrap rather large blocks of silicate rocks hundreds of meters or a few kilometers in extent. In these cases, it is difficult to distinguish large inclusions of silicate rocks in the carbonate matrix from the windows of the basement exposed in the field of the melange.
To determine the age of the melange is not a simple task. The geochronological data for the melanges proper are not available, but geological observations make it possible to estimate the chronological limits of their formation. The bodies of marble melange cross cut all the metamorphic rocks localized at the sites where melange occurs. Practically all the silicate rocks that contact with the melange zones are also incorpo rated therein. These are gneisses, metagabbroic and metaultramafic rocks, quartzites, amphibolites, mar bles themselves, and even marble melanges of early generations. The occurrence of synmetamorphic granites as inclusions in melange is the most indica tive. In the zone of granulite facies, the inclusions are composed of hypersthene granite. As can be seen in outcrops, the granite crosscuts melange containing various silicate inclusions. At the same place, the gran ite itself is disintegrated and fragmented into blocks, and these fragments are also incorporated into the melange. These data allow us to determine the posi tion of the melange in the sequence of events in the Tonta area: the peak of the metamorphism-the syn metamorphic thrusting and shearing-the marble melange in the shear zones and the squeezed out nappes-the synmetamorphic granites-the disinte gration of the granites and the incorporation of their fragments into the melange-the completion of the marble melange's formation-the retrograde meta morphism and completion of the shearing.
In the most documented sites, the marble melange has a homogeneous carbonate matrix. The structure of the calcite aggregates varies from fine to coarse grained in particular melange bodies and in different bodies. No planar and linear structural elements are detected in the carbonate rocks. Carbonate tectonites enriched in varisized fragments are not frequent. One GEOTECTONICS Vol. 47 No. 3 2013 SKLYAROV et al. of the zones of marble tectonites is exposed in the rocky outcrops to the south of the Shiroky Valley (Fig. 1a) . Carbonate rocks contact there with the Kre stovsky gabbroic pluton in the south and the Ust Kre stovka gabbroic pluton in the north. These are fine grained calcite marbles and calciphyres with an inho mogeneous texture across the strike. Some zones are rich in fragments of silicate rocks composed largely of quartz-pyroxene, pyroxene-wollastonite-calcite, and pyroxene-amphibole-scapolite-plagioclase mineral assemblages. The fragments vary in size from a few millimeters to 20-30 cm (Fig. 3a) and occupy up to 30-40% of the rock's volume. Carbonate rocks are often foliated (Figs. 3a, 3b) and visually similar to blastomylonites after silicate rocks. It should be noted that lithic fragments are combined with clinopyroxene and/or amphibole grains and crystals (Fig. 3c) ; titan ite, scapolite, zoisite, and garnet are less frequent. The magnesian varieties of carbonate rocks contain for sterite and spinel crystals. The crystallinity of the min erals and their uniform distribution through the car bonate matrix provide evidence for crystallization in the course of the synmetamorphic tectogenesis.
In addition to small fragments of metasomatically altered silicate rocks, the carbonate rocks often con tain larger dolerite fragments ( Fig. 3a) with com pletely or partially retained ophitic structures and the substitution of primary dark colored minerals with metamorphic or metasomatic clinopyroxene, amphibole, and biotite. Such fragments are grouped into extended strips attesting to the emplacement of basic dikes at the moment when the carbonate mate rial was injected into the country rocks. The dolerite fragments are 10-40 cm in size and occasionally reach 1-2 and more meters across.
The most important features of the marble melanges of the Ol'khon region are listed below.
(1) Marble melanges occur as linear bodies com monly confined to blastomylonitic shear sutures. In some cases, these are bodies of more complex config urations formed by the squeezing of the tectonic nappes.
(2) Zones of marble melange are enriched in frag ments of silicate rocks from a few millimeters to tens of meters in size. Practically all the rocks known in the region and various products of their metasomatic alteration in a wide range of PT conditions occur as fragments.
(3) In addition to the fragments of silicate rocks, the melange often contains perfectly faced crystals of forsterite, pyroxene, garnet, amphibole, zoisite, sca polite, spinel, titanite, zircon, and other minerals, which are uniformly distributed in the rock. The crys tallization of these minerals, as well as the alteration of silicate fragments, developed simultaneously with the injection of carbonates and the emplacement of vari ous magmatic melts.
(4) The formation of marble melange was accom panied by the intrusion of granitic and basic melts. Granites cut through the melange, which nevertheless contains their fragments. These relationships show that the carbonate injections and magmatic intrusions are broadly coeval.
(5) Obvious signs of the ductile flow of carbonate rocks are noted only in the zones that were affected by low grade metamorphism (epidote amphibolite facies). The marbles and calciphyres that underwent high grade metamorphism are recrystallized and their planar structures are expressed only in the regular ori entation of silicate minerals and the flattening of car bonate grains.
Carbonate and Carbonate-Silicate Veins in Amphibolites, Gabbroic Rocks, and Syenites
The veins of carbonate rocks and carbonate-sili cate calciphyres are exposed along shore of Lake Baikal in the Tazheran-Bugul'deika segment of its coast. These veins crosscut amphibolites; gabbroic rocks of the Krestovsky, Ust Krestovka, and Birkhin plutons; and syenite of the Tazheran intrusion (Fig. 1) . We suggest that these veins are still more abundant in the Ol'khon collision system, but, in the case of incomplete exposure, their identification is hampered because of their nearly concordant position with respect to the planar structural elements of the meta morphic rocks. Such veins were previously regarded as marble layers in amphibolites or as xenoliths in gabbro and syenite.
Carbonate veins, including calciphyres, hosted in gabbroic rocks commonly occur in marginal parts of plutons in association with numerous granitic and sporadic dolerite dikes. Single linear carbonate bodies are also noted within the plutons. The clusters of car bonate veins are mostly localized at tectonic contacts of plutons with metamorphic rocks and also occur at the intrusive contact of the Ust Krestovka pluton with gran ite (Fig. 4) . Numerous calciphyre veins up to 500 m long and 0.5-10 m thick make up a swarm oriented nearly conformably to the contact between gabbro and gran ite. In addition to calciphyre veins, less abundant granite veins and sporadic dolerite dikes are noted. No metasomatic alteration develops at the contact of cal ciphyre with gabbro, but blocks of pyroxene-wollas tonite and garnet-pyroxene-zoisite metasomatic rocks are observed within the veins. These blocks vary in size from decimeters to a few meters. Fragmented dikes with pyroxene phenocrysts (Fig. 5) and granite are noted in some calciphyre veins.
A vein of brucite marble in the Tazheran syenite intrusion is one of the most indicative (Fig. 6) . As is clearly seen in the outcrop, syenite was intruded by a dike of subalkali gabbro [11] ; tectonized; and, after that, was crosscut by a carbonate vein, where the euhe dral brucite grains and isotropic texture do not bear any sign of deformation.
The carbonate veins 0.5-3.0 m in size are hosted in amphibolites at the Anga-Begul interfluve. Although these veins are nearly conformable with the banding in the amphibolites, their crosscutting position relative to the country rocks is evident (Fig. 7a) . Fine banding conformable with the vein contact is occasionally observed in the carbonate rocks. The central zones of the veins are composed of gray or dark gray fine grained carbonate rocks, whereas the marginal zones often consists of white or yellowish varieties (Figs. 7a, 7b) . The nature of the coloration remains unclear because no inclusions of graphite or other dark colored minerals were established by the petrographic examination. The only distinguishing feature of the marginal zone is the higher content of silicate minerals (quartz, talc, trem olite). The bleaching of the marginal zones in the absence of dye minerals was noted in carbonate veins from the Norwegian Caledonides [34] , where it is explained by probable defects in the crystal structure of calcite. In some cases, the veins are peculiar in shape (Fig. 7b) .
The main attributes of the carbonate veins are sum marized below as follows:
(1) Carbonate veins cut through gabbroic rocks of the Birkhin, Krestovsky, and Ust Krestovka plutons; the syenite and subalkali gabbroic rocks of the Tazhe ran intrusion; and the amphibolites at the AngaBegul interfluve. They are most reliably identified in the igneous rocks.
(2) The veins reach 500 m in extent; commonly their length is measured by tens of meters and occasionally up to 10 m and more at thickness of 0.3-5.0 m.
(3) Most veins are composed of massive fine grained carbonate rocks or calciphyres. The latter contain uniformly distributed silicate minerals.
(4) Metasomatic alteration at the contacts of veins is mostly absent; however, the carbonate veins contain fragments of medium temperature metasomatic rocks; the size of these fragments varies from a few millimeters to a few meters.
(5) The carbonate veins are nearly conformable rel ative to the planar structural elements of the amphib olites and gabbroic rocks, thus indicating that they were injected in the course of the tectogenesis.
(6) Basic and less frequent granitic dikes are closely associated in space with injections of carbonate rocks; fragments of these dikes are contained in the carbon ate matrix.
We suggest that the late statement is especially important for the substantiation of the intrusive origin of the carbonate veins and it merits a special discus sion.
Paragenesis of Igneous Rocks and Injection Carbonate Rocks
The igneous rocks associated with the injection carbonate rocks include dolerite and nepheline syenite in the Tazheran intrusion and dolerite, granite, and pegmatite elsewhere in the Ol'khon region.
The Tazheran intrusion is unique in many respects [4, 11, 19] , including the diversity of the metasomatic rocks and the relationships between the igneous and carbonate rocks. The attempt made by Konev [4] to fit this diversity into a simple scheme of consecutive con tact metasomatic alterations caused by the effect of syenitic magma on country rocks with a decrease in the temperature and changing of the fluid regime led to ignoring the most interesting and unusual geologi cal facts or their explaining by unrealistic mechanisms. One of such geological phenomena is a zone in the central part of the intrusion where the dolomite bear ing calcite marble is associated with monomineralic titanofassaite or titanofassaite-nepheline rocks (Fig. 8) . These rocks are exposed as a strip between marble and high temperature basic hornfels and at the same time occur as angular fragments in marble (Fig. 9) . In the opinion of Konev, the titanofassaite rocks are products of the metasomatic alteration of contacting hornfels; however, this interpretation does not explain the abun 1 m dance of their fragments in the marble and the sharp and straight contacts between the "pyroxenite" and hornfels traced for a great distance. The mineralogical and petrographic studies allowed us to reveal relics of the dolerite protolith in several "pyroxenite" boudins and to establish the sequence of their metasomatic alteration. The substitution of primary dark colored minerals with Ti augite, olivine, and high Ti biotite was followed by nephelinization of plagioclase and the formation of titanofassaite. The assemblage of meli lite, Ti garnet, and diopside gave way to diopsidehedenbergite pyroxene, wollastonite, phlogopite, amphibole, and grossular-andradite garnet with the fall of the temperature. This mechanism is not, how ever, universal, because it does not explain the compo sitional constancy of the titanofassaite-nepheline rocks (except for the variable nepheline content) within the zone between marble and hornfels and in large blocks incorporated into the marble. The exper iments by Mollo et al. [32] showed that the assimila tion of 5-20% calcite by dolerite magma shifts the composition of the melt toward pyroxenite. The pyroxenes are enriched in Al, and the alkalinity of the magma decreases with a small addition of calcium and increases when this addition becomes more signifi cant. The compositions of the nepheline-titanofas saite rocks and the pyroxenes in the Tazheran intru sion are consistent with the data reported in [32] .
The entire set of available data allows us to suggest that the basaltic and carbonate melts coexisted in the lower crust and jointly ascended to the middle crust. The basaltic melt assimilated carbonate material and induced its partial melting, and this led to the crystal lization of the titanofassaite and nepheline-titanofas saite rocks and their subsequent metasomatic rework ing. Since the crystallization temperature of the basic magma is much higher than that of the carbonate melt, the joint ascent of the subsequent injections of basaltic and carbonate melts were accompanied by the crystallization of dolerites, their fragmentation, and the incorporation of fragments into the carbonate rocks. Because the carbonate magma was saturated with fluid, the basic rocks were metasomatically reworked within a wide temperature interval when the entire system cooled.
The relationships between the nepheline syenite, brucite marble, and calciphyre established at several sites of the Tazheran intrusion allowed us to judge con cerning the similar viscosity of the syenite and carbon ate magmas in the course of their mingling. At one of these sites, the brucite marble hosts a series of nepheline syenite bodies tens of meters to 50 cm long (Fig. 10) . The syenite bodies reveal a trachytoid tex ture without any trace of metamorphic foliation. Mag nesian skarn and calciphyre zones 1-20 cm wide are noted at the contacts. The brucite marble is isotropic and defoid of structural elements related to plastic flow. A sporadic series of thin veinlets of forsterite cal ciphyre appear in the carbonate rocks in the areas with syenite bodies, but the brucite marble itself remains isotropic at both the micro and macrolevels. We call attention to the attributes that contradict the assump tions that large syenite bodies hosted in marble are boudins or exposures of apical domes merging into a larger syenite pluton at a depth. As concerns the bou dinage, it is impossible to imagine such a process with out plastic or ductile deformations in the marginal parts of the boudins. Instead of them, we observe a dis tinct trachytoid structure and contact zones accompa nied by high temperature metasomatic alteration that completely surround the "boudins" (Fig. 10) . The minor dimensions and rootless morphology of many of the syenite inclusions in the marble are inconsistent with the idea of the intrusive contacts of these inclu sions. In our opinion, the possible relationships described above allow either the synchronous emplacement of carbonate and silicate melts or the emplacement of nepheline syenite into a low viscosity carbonate medium. The higher crystallization tem perature of the syenitic melt gave rise to the separation of the melt drops in the low viscosity carbonate matrix. In fact, we are dealing with a special phenom enon of silicate-carbonate mingling. There are many such sites in the pluton; however, the poor exposure does not allow the morphology of the syenite bodies to be interpreted always unequivocally. Another style of the relationships between the nepheline syenite and carbonate rocks is observed in the contact zone of the magmatic body (Fig. 11) , where a vein of pyroxene-garnet calciphyre crosscuts the nepheline syenite almost parallel to its contact with a xenolith of high grade metabasic country rock.
The almost complete exposition of this site does not leave here any doubt that the carbonate rocks are not confined to the contact and cannot be regarded as a part of the xenolith. The content of silicate minerals in the fine grained calciphyre is about 30%, and they are uniformly distributed in the calcite mass as separate crystals or mineral aggregates. Numerous nepheline syenite lenses 5-30 cm long occur in a swell of the vein. As at the preceding site, they do not reveal signs of plastic deformation and also exhibit silicate-car bonate mingling (Fig. 11b) . We suggest that the car bonate melt was injected after the onset of the crystal lization of the syenite at the marginal part of the intru sive body, while its inner portion remained liquid or only partly crystallized. Residual portions of syenitc melt could have been injected in the low viscosity car bonate medium with the formation of syenite lenses. This interpretation is supported by the difference in the texture and composition of the nepheline syenite. In the boudins, K sharply prevails over Na, whereas the nepheline syenite that hosts a calciphyre vein is dis tinguished by the inverse proportion of alkali metals.
The close association of the carbonate rocks and pegmatites was established in several areas of the Ol'khon region and Ol'khon Island. One of the most striking examples is observed in the coastal outcrops 3 km north of the mouth of the Bugul'deika River. A zone of calcite rocks and pegmatites more than 300 m in extent and up to 30 m in thickness is traced in the gabbroic rocks of the Bugul'deika pluton. The zone contains blocks of metasomatically altered basic rocks with relics of ophitic structure. It is suggested that the carbonate rocks were emplaced almost synchronously with the granitic and basic magmas.
When veins of carbonate rocks are hosted in gab broids, their injection origin can be readily substanti ated. This is more difficult to do when carbonate rocks are hosted in gneisses or amphibolites and resemble layers intercalating with metaterrigenous or metavol canic rocks. For example, the bodies of carbonate rocks that occur in outcrops at the eastern shore of Ol'khon Island are traditionally interpreted as beds intercalating with metagraywacke (biotite gneiss). The tongues and bays of carbonate rocks into the host gneiss are explained by local tectonic injections, but the almost overall spatial association of the carbonate rocks and calciphyres with pegmatite veins attracts attention (Fig. 12) . The detailed study of the outcrops shows that thin (1-5 cm) calciphyre veins crosscut pegmatites (Figs. 12b, 12c) .
Thus, the data on the close association of carbon ate injections with igneous rocks can be summarized as follows.
(1) Injections of carbonate rocks and calciphyres are often associated with dolerites; granites; pegma tites; and, less frequently, with nepheline syenite.
(2) The basic rocks in these associations underwent metasomatic alteration within a wide temperature range (500-800°C) but often reveal relics of magmatic structures and textures. Granites are commonly trans formed into gneisses, and only nepheline syenite retains its primary magmatic appearance and intrusive contacts with carbonate rocks.
(3) The relationships of the carbonate rocks with the associated igneous rocks provide evidence for their synchronous emplacement.
DISCUSSION
The diversity of the injection carbonate and car bonate-silicate rocks in the Ol'khon collision system and their close association with igneous rocks, as well as the scarcity of publications on similar phenomena in other regions, raise a number of questions, which are discussed in this section.
Is the melting of carbonate rocks in the continental crust actually possible?
The melting of silicate rocks in the lower crust is a well known phenomenon supported by geological observations and experimental studies. At the same time, the possibility of the involvement of carbonate rocks in the crustal melting, with a rare exception [29] , is not discussed in the literature largely because of the high melting temperature (>1200°C) of carbonates under dry conditions [23] . It is not borne in mind, however, that the early experiments have shown that the melting temperatures of carbonates under dry and wet conditions are substantially distinct, as in silicate systems. In the presence of aqueous fluid, the melting temperature of calcite decreases to 740°С at 1 kbar pressure [39] and gradually falls with increasing pres sure. With the addition of MgO, the melting tempera ture of carbonates decreases to 600°C [26] . At = 0.05, the solidus curve of a granitic melt saturated with water approximately coincides with the melting line of calcite, whereas the melting curve of dolomite is located 100°С lower [29] . This implies that, under sat uration of the lower crust with water, dolomite begins to melt before the appearance of a granitic melt, and the melting of calcite marble may develop almost syn chronously with the melting of granite. The model proposed by Lentz [29] assumes the emplacement of a syenite melt into the carbonate sequence; contact metasomatic alteration; and the coeval formation of a carbonate melt, which ascends to the upper level. This model is applicable not only to sye nitic but also to any high temperature mantle melts under the condition of the simultaneous input of aqueous fluid. The melting of carbonates, if they occur in the lower crust, can be such an ordinary phenomenon in col lision zones as the melting of granites, because both pro cesses develop under similar conditions.
Injection of carbonate rocks: ductile flow or intrusion of melt?
The allochthonous mode of occurrence of the car bonate and carbonate-silicate rocks in the fields of sil icate metamorphic and igneous rocks casts no doubt and is corroborated by a set of geological and mineral ogical evidence. At the same time, the character of the injection of the carbonate materials, i.e., the intrusion of a melt or ductile flow, is far from obvious. As was mentioned in the Introduction, melt inclusions as direct evidence of melt crystallization have not been found. To find such inclusions in carbonates is hardly possible because of the recrystallization at the late stage of cooling. The widespread polysynthetic twin ning of calcite and dolomite testifies that this process develops at a low temperature [24] . On the contrary, silicates are metasomatic in origin. This statement, however, does not deny the probability of calciphyre crystallization from a melt and cannot rule out the crystallization of magmatic silicates and their subse quent metasomatic alteration by the interaction of carbonate and silicate constituents in the course of cooling. Moreover, even in the case of mantle carbon atites, it was shown that silicate minerals are products of the assimilation of country rocks by calcite melt. A If the first mentioning of marble melange [17] is ruled out, then, among the publications on injection carbonate rocks listed in the Introduction, only in two of them are carbonate veins related to collision tecto genesis in the Himalayan System [27, 31] and the Caledonides of Norway [34] .
In the collision system of the Himalayas, injection carbonate rocks were revealed in the East Himalayan Syntaxis, where they occur as dike swarms in the Greater Himalayan Crystallines [31] . Unfortunately, the authors of this publication focused their attention only on the mineralogical and geochemical character ization of the carbonate-silicate rocks and did not pay attention to the geological features of the studied dikes. Only a small scale geological scheme was given. Nevertheless, the main features of the injection car bonate rocks may be pointed out. In the Caledonides of Torma in Norway, calcite veins were described in the sequence of the intercalat ing gneisses and calcite marble of the Upper Thrust Sheet [34] . Thin (up to 20 cm) veins of calcite marble extend along the axial planes of isoclinal folds. It is suggested that the carbonate material was squeezed out from thick marble layers abundant in the meta morphic sequence. Marble dikes were injected at the stage of the orogen collapse as a result of strike slip tectogenesis [34] .
The aforementioned examples of the injection car bonate rocks show that they were formed as the result of both the intrusion of carbonate melt and ductile flow.
We are aware that all the attributes of the initial liq uid state of the carbonate material are indirect, and it cannot be ruled out that all the varieties of the injec tion carbonate and carbonate-silicate rocks corre spond to different conditions of ductile flow. Taking into account the theoretical possibility of carbonates to melt under crustal conditions [29] , the attributes of the injection of carbonate melts seem to be convinc ing. If this actually was the case, then the both scenar ios occur in the Ol'khon collision system, i.e. marble melange is mostly formed as a result of ductile squeez ing out of carbonate material and the numerous mar ble and calciphyre veins are formed as products of the injection of carbonate melt.
Carbonate-Silicate and/or Metamorphic Mingling
Granitic and aplite-pegmatite veins, which are widespread in the Ol'khon collision system [6, 15] , provide direct evidence for mass melting during colli sion tectogenesis. They not only compose the swarms in the fields of metamorphic rocks but they are also abundant in gabbroic plutons and the Tazheran syenite intrusion. The veins related to the early thrusting and the subsequent growth of granite gneiss domes are known; however, the thickest veins grouped into swarms are controlled by strike slip tectonics [6] . As was shown earlier [21] , the strike slip deformations are the most favorable for draining the mantle and the lower crust and for the transfer of basic melts from the upper mantle to the middle crust, as well as for their joint intrusion with crustal granites [10] . Mingling, however, is not limited by silicate rocks (granite and dolerite). Carbonate melts actively participated in this process producing carbonate-basic and carbonategranitic mixtures (see above). It is noteworthy that intrusions of basic and granitic rocks appear not only in veined carbonate bodies but also in zones of metamor phic melange (Fig. 3) . The distribution of the gabbroic intrusions and their structure allow us to suppose metamorphic mingling [19] took place when portions of basic melt were injected in the ductile metamorphic medium with an appreciable amount of marbles. As a result, separate basic drops variable in size segregate in the metamorphic matrix (most often in carbonates). As judged from the documented occurrences of melange, the granite melts may also be coeval with injections of carbonate melange.
The geological evidence for the intimate relation ships between the injections of carbonates and the emplacement of syenites, basic rocks, and granites are confirmed by the geochronological data on the Tazhe ran intrusion dated at 470-450 Ma [12] . The age of the tazheranite from the forsterite-spinel calciphyre (450-470 Ma) also falls in this interval. Moreover, the age of the perovskite from the forsterite-spinel-phlo gopite calciphyre was determined to be 466 ± 2 Ma first in the 1980s [33] ; however, this paper remained unnoticed by geologists because it was published in a nongeological journal. Since that time, this age esti mate has been duplicated at many laboratories using various methods, e.g., see [30] . Thus, not only gab broic and granitic rocks but also nepheline syenite is associated with injections of carbonate rocks.
The considered examples from the West Baikal region and their comparison with the so far not numerous evidence from other regions allow us to state that the specific (at first glance) effects concern ing the injections of carbonate and carbonate-silicate rocks are not exotic and accompany collision events as their natural consequences. A probable model of these events is presented below.
CONCLUSIONS: THE SEARCH FOR A MODEL
OF CARBONATE INJECTIONS IN THE OL'KHON COLLISION SYSTEM (1) The oblique convergence of the terrane [16] with the Siberian Craton [8, 9] resulted in the predom inance of strike slip tectonics after thrusting and dom ing at the early stages of the collision. The shear defor mation facilitated the draining of the mantle and the lower crust [6, 16] . The ascent of basic magmas to the lower crust [7, 10] gave rise to the mass melting of sil icate and carbonate rocks and the transport of the pro duced melts to a higher level. The interaction of the newly formed granitic magmas with the carbonate rocks led to the generation of syenitic melts. The crustal origin of the syenite and nepheline syenite is corroborated by the low contents of many indicative chemical elements in these rocks [5, 11] . The shear loop with the Tazheran intrusion at its hinge [16] is localized in the local permeable zone. Syenite 470 Ma in age, nepheline syenite, carbonate (dolomitic) mag mas, and gabbroic melts were injected therein with mingling of carbonate and silicate rocks. Gabbrogranite composite dikes with moderately Ti or subal kaline tholeiitic basic rocks are noted elsewhere in the Ol'khon region.
(2) Carbonates were injected during all the time of the development of the shear zone and were accompa nied by the emplacement of granitic and basic rocks. The scope of the injection is difficult to estimate, but one may suppose that manifestations of this phenom enon are not restricted to the zones of marble melange and veins. Some marble units mapped at the surface extend for tens of kilometers (Fig. 1) ; meanwhile, the structure of the Ol'khon system is a closely packed composite of numerous tectonic units separated by blastomylonitic sutures. It is not easy to image that the thin carbonate layers, which are the most plastic under the conditions of synmetamorphic tectogenesis, retained their primary morphology. In addition, these carbonate units not only coincide with the major shear sutures (compare Figs. 1a and 1b) but also contain inclusions of silicate rocks as direct evidence for their injection origin.
(3) The permeable zones controlled by strike slip tectonics were conduits not only for silicate and car bonate magmas but also for pressed ductile carbonates and high temperature fluids, which led to the forma tion of abundant garnet-pyroxene skarnoids. The skarn zones are mapped throughout the Ol'khon region and do not reveal any links to magmatic bodies.
(4) The multistage shear deformations [16, 21] and the age of the igneous rocks that participated in the shearing indicate that the shearing zone remained active for a long time. The peak of the shearing falls within 470-450 Ma time interval.
